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@ Method for selectively forming semiconductor regions. 



© A method for selectively forming semiconductor 
regions (28) is provided, by exposing a patterned 
substrate (21) having exposed regions of semicon- 
ductor material (26,27) and exposed regions of oxide 
(24) to a first temperature and a semiconductor 
source-gas and hydrogen in an atmosphere substan- 
tially absent halogens, a blanket semiconductor layer 
(28,29) forms over the exposed regions of semicon- 
ductor material (26,27) and oxide (24). By further 
exposing the patterned substrate (21) to a second 



temperature higher than the first temperature in a 
hydrogen atmosphere, polycrystalline semiconductor 
material (29) formed over the exposed oxide regions 
(24) is selectively removed leaving that portion of the 
blanket semiconductor layer (28) over the exposed 
regions of semiconductor material (26,27). The 
method is suitable for forming isolated regions of 
semiconductor material for fabricating semiconductor 
devices and is not load dependent. 
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Background of the Invention 

This Invention relates, in general, to semicon- 
ductor devices, and more particularly to a method 
for selectively forming semiconductor regions on 
semiconductor substrates. 

Methods for selectively forming semiconductor 
regions have been reported in the past. For the 
selective deposition of silicon, typically a patterned 
semiconductor wafer having exposed oxide regions 
and exposed silicon regions is placed in a chemical 
vapor deposition (CVD) reactor and exposed to 
elevated temperature and a chlorine containing sili- 
con source-gas (SICIxHy) and hydrogen. Also, un- 
der certain conditions, hydrogen chloride (HCI) gas 
is used with the chlorine containing silicon source- 
gas and hydrogen. 

In general, by controlling the temperature and 
pressure of the reactor .and the* concentrations of 
the chlorine and silicon sources, the. process con- 
ditions are such that single-crystal silicon regions 
form in the exposed silicon .regions. These con- 
ditions also prevent the build up of polysilicon on 
the exposed oxide region resulting in the selective 
lormation of single-crystal silicon regions. 

Another reported method involves using ger- 
mane (GeHd) in place of or in addition to HCI. 
Under appropriate process conditions, single-cry- 
stal silicon or single-crystal silicon-germanium re- 
gions form on the exposed silicon regions. The 
presence of germane competes with the silicon 
source for nucleation sites on the exposed oxide 
regions preventing silicon or silicon^germanium 
from forming on the exposed oxide regions. 

These selective growth techniques have sev- 
eral problems. For example, both of the above 
techniques are sensitive to the ratio of exposed 
silicon to exposed oxide. This is often termed "load 
dependent" meaning that as the amount of ex- 
posed silicon on a semiconductor wafer increases 
thereby decreasing the amount of exposed oxide, 
the thickness uniformity of selectively formed sili- 
con regions across the wafer decreases. Also, the 
above techniques are sensitive to the characteris- 
tics of the exposed passivation regions. Different 
passivation types such as atmospherically grown 
oxides, deposited oxides and deposited nitrides 
require the manufacturer to adjust and fine tune the 
selective epitaxial growth process parameters de- 

pendi ng upon the types, pi.. passivation., films. 

present on the wafer. This significantly impacts 
manufacturing throughput and cost. In addition, the 
above techniques are susceptible to faceting de- 
fects. 

Thus, a need exists for a selective epitaxial 
growth process that is not load dependent, that 
does not require a manufacturer to make process 
adjustments depending upon the type of exposed 



passivation layer present, and that is less suscept- 
ible to faceting defects. 

Summary of the Invention 

5 

Briefly stated, a method is provided for selec- 
tively forming semiconductor regions. A semicon- 
ductor substrate having exposed regions of semi- 
conductor material and exposed regions of oxide is 

10 placed in a chemical vapor deposition (CVD) reac- 
tor. The substrate is exposed to a first temperature 
and a semiconductor source-gas and hydrogen in 
an atmosphere substantially absent halogens to 
form a blanket semiconductor layer over the ex- 

^5 posed regions of semiconductor material and ox- 
ide. Polycrystalline semiconductor material forms 
over the exposed regions of oxide. The substrate is 
then exposed to a second temperature, higher than 
the first temperature, and hydrogen. During expo- 

20 sure to the second temperature and hydrogen, the 
polycrystalline semiconductor material formed over 
the exposed oxide regions is selectively removed 
leaving that portion of the blanket semiconductor 
layer formed over the exposed regions of semlcon- 

25 ductor material. 

i« 

Brief Description of the Drawings 

FIG. 1 illustrates a process flow diagram in 
30 accordance with-the present invention: 

FIGS. 2-5 illustrate highly enlarged cross-sec- 
tional views of one embodiment according to the 
present invention: and 

FIGS. 6-13 illustrate highly enlarge cross-sec- 
:?5 tlonal views of a second embodiment according 
. to the present invention. 

Detailed Description of the Drawings 

40 Generally, the present invention relates to a 

method for selectively forming semiconductor re- 
gions using chemical vapor deposition (CVD) tech- 
niques. The method is suitable for selectively for- 
ming semiconductor regions using semiconductor 

45 source-gases that are . substantially absent 
halogens. The term substantially absent halogens 
means the presence of halogens in the source-gas 
Is below trace amounts. Examples of such source- 
gases include silane, di-silane, and germane. 
-60. The_method-ls-used to-selectively~form semi- 
conductor regions including silicon, silicon-germa- 
nium, carbon-doped silicon, or carbon-doped sili- 
con-germanium for example. The selectively 
formed regions may be single-crystalline, amor- 

55 phous or polycrystalline. In addition, the selectively 
formed regions may be doped p-type or n-type. 
Furthermore, the method is used to selectively 
form multiple layer structures. The method is suit- 
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able for forming isolated regions for fabricating 
semiconductor devices. 

The present invention can be more fully de- 
scribed witfi reference to FIGS. 1-13. In a preferred 
embodiment of a method for selectively forming 
semiconductor regions, an atmospheric pressure 
chemical vapor deposition reactor (APCVD) or a 
reduced pressure chemical vapor deposition 
(RPCVD) reactor (hereinafter, CVD reactor) having 
the capability of rapid thermal ramp rates is pro- 
vided as indicated by block 3 of the process flow 
diagram shown in FIG. 1 . The CVD reactor includes 
a plurality of source-gas feed lines for hydrogen, 
the semiconductor source-gases, and dopant gases 
such as arsine, phosphine, and diborane. In- 
dividuals skilled in the art are aware of many suit- 
able CVD reactors such as an ASM Epsilon 2e Rp. 
an Applied Materials 7810, and the like. 

To prepare the CVD reactor for chemical vapor 
deposition, a helium leak check is performed on 
the CVD reactor as shown by block 4 of FIG. 1. 
The CVD reactor must pass a helium leak check of 
(ess than approximately 1x10"^ mm Hg. A CVD 
reactor that meets this requirement ensures that 
contaminants such as oxygen and water vapor do 
not enter the reactor and form an oxide layer on an 
exposed semiconductor substrate over which a 
blanket semiconductor layer will be formed. In ad- 
dition, passing the helium leak check ensures that" 
when highly reactive gases are used during pro- 
cessing, potential adverse reactions are avoided. A 
""UVU reactor failing the neiium leak test must be 
repaired and retested until it passes as indicated in 
the feedback portion (block 5) of' FIG.* l. A CVD- 
reactor that passes the helium leak test is called an 
ultra-clean reactor. • • : ■ 

The helium leak check may be performed, for 
example, by connecting a turbo-helium leak detec- 
tor to the CVD reactor, coating an exterior portion 
of the fittings connected to the reactor with helium, 
and checking for the presence of helium with the 
CVD reactor. Helium leak checks and procedures 
for performing helium leak checks are well known 
to those skilled in the art. 

In the preferred embodiment, a patterned sub- 
strate having exposed regions of semiconductor 
material and passivation regions comprising ex- 
posed oxide is placed in a suitable CVD reactor 
chamber, for example, an ASM Epsilon 2e Rp. This 
procedure is illustrated in block 6 of FIG. 1. The 
passivation regions comprise an exposed oxide 
layer where the oxide preferably is either a thermal 
oxide or a densified deposited oxide. Alternatively, 
the passivation regions may further comprise a 
non-oxide layer under the exposed oxide layer 
such as a nitride layer, a high-temperature metal 
layer such as titanium, or a high-temperature met- 
al-nitride layer such as titanium-nitride for example. 



In addition, the semiconductor substrate may 
have multiple passivation regions comprised of ex- 
posed oxide layers and/or passivation regions com- 
prised of exposed non-oxide layers such as ex- 

5 posed nitride layers. As will be explained below, 
the exposed oxide layer provides for the selective 
formation of semiconductor regions by the selec- 
tive removal of deposited polycrystalline semicon- 
ductor material formed over the exposed oxide 

w layer. 

Preferably, the patterned substrate is cleaned, 
as shown in block 2 of FIG. l. prior to placing it 
inside the CVD reactor chamber. In the most pre- 
ferred embodiment, the patterned substrate is 

75 cleaned in a bath comprising approximately 18:1 
volumes of sulfuric acid (H2S04):hydrogen perox- 
ide (H2O2) at approximately 100 to 120'C for 5 to 
15 minutes, followed by a bath comprising approxi- 
mately 50:1 volumes of H20:hydrofluoric acid (HF) 

20 at approximately 15 to 30* C for 1 to 5 minutes. 
Next the patterned substrate is cleaned in a bath 
comprising approximately 2.5:2.5:12 volumes of 
Ammonia (NH40H):H202:H20 at approximately 45 
to 65 'C for 8 to 12 minutes, followed by a bath 

25 comprising approximately 2.5:2.5:12 volumes of hy- 
drochloric acid (HCI):H2 02:H2 0 at approximately 
40 to 60 ' C for 8 to 12 minutes. 

Alternatively, the patterned substrate is cleaned 
in-situ using,' for example, a cluster tool apparatus 

30 that includes a chamber for cleaning a substrate 
that is separate from the CVD chamber. A gas 
such as hydrogen cnioriae gas may be used 10 
clean the substrate and such cleaning techniques 
are w6ll known to those skilled in the art. 

tis After the patterned substrate is placed into the 

reactor chamber, the reactor temperature is in- 
creased, as shown in block 7 in FIG. 1. to a pre- 
bake temperature between 900 and 1000'C using 
a temperature ramp rate of approximately 

40 20'C/sec. When a reduced pressure CVD reactor 
is used, the reactor is pumped down to a pressure 
of approximately 40 to 80 torr prior to ramping the 
reactor to the pre-bake temperature. This pressure 
range is used throughout the process when a 

45 RPCVD reactor is used. 

After the reactor has reached the pre-bake 
temperature, the patterned substrate is exposed to 
an atmosphere consisting essentially of hydrogen 
to reduce any native oxide present on the pat- 
so terned substrate as a result of the pre-clean step. 
This process is shown as block 8 in FIG. 1 , Prefer- 
ably, the pre-bake atmosphere consists essentially 
of hydrogen and the patterned substrate is ex- 
posed to the pre-bake temperature and hydrogen 

55 atmosphere for approximately 5 minutes with a 
hydrogen flow-rate of approximately 20 to 200 
standard liters per minute (sIm). In the most pre- 
ferred embodiment, the hydrogen flow-rate is ap- 
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proximately 100 sIm. 

After the pre-bake step, the CVD reactor is 
reduced to the semiconductor layer growth tem- 
perature of between 650 and 850 'C as repre- 
sented by block 9 in FIG. 1. Preferably, a ramp 
rate of approximately -lO'C/second is used. The 
preferred growth temperature is between 750 and 
800 • C. While the reactor is ramping to the growth 
temperature, the semiconductor source-gas lines 
are purged with hydrogen. 

Once the reactor chamber has reached the 
growth temperature and the semiconductor source- 
gas lines are purged, the semiconductor source- 
gas is introduced Into the reactor chamber along 
with a hydrogen carrier gas having a flow-rate of 
approximately 20 to 200 sIm with a flow-rate of 100 
sIm preferred. During the growth step, the atmo- 
sphere in the reactor is substantially absent the 
presence of halogens. Under these conditions, a 
blanket semiconductor film or layer is formed over 
the patterned semiconductor substrate as repre- 
sented by block 10 of FIG. 1.. Because a blanket 
layer is formed, the process is not load dependent, 
it is less- sensitive to the characteristics of the 
exposed passivation regions; and it is less suscept- 
ible to faceting defects. 

The blanket semiconductor layer comprises 
polycrystalline semiconductor material over the ex- 
posed oxide layer. In addition, when the patterned 
substrate also comprises exposed non-oxide layers 
such as silicon nitride, polycrystalline semiconduc- 
tor material forms over the non-oxide layer. The 
blanket semiconductor layer further comprises sin- 
gle-crystal semiconductor material where the ex- 
posed semiconductor mater jal on the patterned 
substrate is single-crystal semiconductor material. 
With a silane semiconductor source-gas. a growth 
temperature of approximately 750 'C, and a silane 
flow-rate of approximately 5 sIm. a growth rate of 
approximately 0.04 microns/minute is achieved. In 
addition, when a silane source-gas Is used, prefer- 
ably a 2% silane in hydrogen source-gas is used 
having a purity of 99.99999%. 

In the most preferred embodiment, gas purify- 
ing filters are attached to all gas lines in order to 
provide ultra-dry gases and an atmosphere within 
the reactor chamber that is substantially absent 
moisture. Preferably the gas line purifying filters 
result in less than 5x10'^ atoms/cm^ of oxygen in 
the bl anket semicon ductor layer a s measured using 



a secondary ion mass-spectrometer technique. Ex- 
amples of such gas purifying filters include the 
Nanochem® Hydrogen 3000, Nitrogen 1400. and 
Silane IV available from Semigas Systems Inc. 

During the formation of the blanket semicon- 
ductor layer, dopants such as boron, phosphorus, 
or arsenic may be introduced into the blanket layer 
by using dopant source-gases such as diborane, 



phosphine. or arsine. In addition, the blanket semi- 
conductor layer may be doped with germanium 
using a germane source-gas and/or carbon using a 
propane source-gas to provide for bandgap en- 

5 gineered devices. When germane is used to form 
germanium doped silicon devices, the germane 
concentration is kept below 5.0x1 0^° atoms/cm^ to 
prevent selectivity of the polycrystalline material as 
the blanket semiconductor layer is formed. 

w Once the blanket semiconductor layer reaches 

the desired thickness, the semiconductor source- 
gas and any dopant gases are shut off from the 
reactor chamber and the reactor chamber and ^as 
lines are purged with hydrogen for approximately 2 

75 minutes. While the reactor chamber and gas lines 
are under purge, the reactor chamber temperature 
is increased to an inner-bake temperature between 
900 and 1200*C using a temperature ramp rate of 
approximately 20"'C/second as represented by- 

20 block 1 1 in FIG. 1 . During the inner-bake step, as 
represented by block 12 of FIG. 1, hydrogen flows 
into the reactor, chamber at flow-rate between 20 
and 200 sIm with a flow-rate of 100 sIm preferred. 
By exposing the patterned substrate to an ele- 

25 vated temperature and hydrogen, the polycrystal- 
line semiconductor material portion of the blanket 
layer over the previously exposed oxide layer is 
selectively removed leaving a remaining portion of 
the blanket layer that is single-crystal semiconduc- 

30 tor material. Also, a portion of the underlying pre- 
viously exposed oxide layer is removed in an 
amount dependent upon, among other things, time, 
temperature, and characteristics of the exposed 
oxide layer. In addition, that portion of the blanket 

35 layer that is over an exposed non-oxide layer, such 
as silicon nitride, is not removed. Preferably, the 
atmosphere in the CVD reactor during the inner- 
bake step consists essentially of hydrogen. 

Preferably, the patterned substrate is exposed 

40 to a temperature of approximately 1100*C for an 
amount of time sufficient to remove the polycrystal- 
line semiconductor material over the exposed oxide 
layer. It has been determined that approximately 10 
seconds at approximately IIOO'C is sufficient to 

45 remove approximately 1000 angstroms of poly- 
crystalline semiconductor material and approxi- 
mately 5000 angstroms of exposed oxide under the 
polycrystalline semiconductor material. 

It is believed that the selective removal of the 

50 polycrystalline semiconductor material and the ex- 



posed oxide layer under the polycrystalline ma- 
terial results from a series of reaction steps includ- 
ing the surface adsorption of hydrogen on the 
polysilicon, the surface dissociation of hydrogen, 
55 the surface diffusion of hydrogen to the interface 
between the polycrystalline material and the ex- 
posed oxide, the surface reduction of silicon to 
produce adsorbed silicon, and the reaction of ad- 
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sorbed silicon with the exposed oxide to produce 
volatile silicon oxide (SiO). 

In an alternative embodiment, the patterned 
substrate is removed from the CVD reactor cham- 
ber after the blanket semiconductor layer is grown. 
The patterned wafer is then exposed to the ele- 
vated temperature and hydrogen using a thermal 
anneal system capable of providing rapid thermal 
ramp rates and a hydrogen atmosphere. An exam- 
ple of such a rapid thermal anneal system is an 
AST SHS2000. However, it is preferred that both 
the growth step and the inner-bake step take place 
in-situ within a CVD reactor to minimize manufac- 
turing costs and capital investment. In addition, the 
in-situ process reduces the exposure of the sub- 
strate to particulates and contamination associated 
with, among other things, excessive substrate han- 
dling. 

FIGS. 2-5 provide cross-sectional views of an 
example of a process to selectively form semicon- 
ductor regions by selective removal of polycrystal- 
line semiconductor material and exposed oxide, 
according to the present invention. FIG. 2 illustrates 
a cross-sectional view of a semiconductor substrate 
21 having an oxide layer 22, a non-oxide layer 23. 
and an exposed oxide layer 24 formed thereon at a 
stage of fabrication. Non-oxide layer 23 comprises 
a nitride layer for example. . 

FIG. 3 shows semiconductor substrate 21 at a 
later stage of fabrication after standard photolithog- 
raphy techniques are used to form openings 26 
27^CtoAAi nos 26 and 27 



rication of a bipolar-complementary metal-oxide 
semiconductor (BICMOS) device. FIG. 6 shows a 
cross-sectional view of a semiconductor substrate 
34 having an NPN bipolar device region 36, an N- 
5 MOS device region 37, and a P-MOS device region 
38 at an interim step of fabrication. Preferably, 
substrate 34 comprises single-crystal silicon. It is 
understood that dopant configuration is shown as 
an example only and that others are possible. 
10 In the embodiment shown, substrate 34 is a p- 

type substrate having a doping concentration on 
the order of 2.0 to 7.0x10^^ atoms/cm^. Bipolar 
device region 36, N-MOS device region 37, and P- 
MOS device region 38 are passivated using pas- 
15 sivation regions 51. Passivation regions 51 prefer- 
ably comprise a silicon oxide, and are commonly 
referred to as field oxide. Methods for forming 
passivation regions 51 are well known in the art. 
Trench isolations 52 further isolate bipolar device 
20 region 36 from N-MOS device region 37 and P- 
MOS device region 38. Optionally, trench isolation 
52 includes a polycrystalline semiconductor region 
50. Polycrystalline semiconductor region 50 pro- 
vides stress relieved refill for trench isolations 52. 
26 Methods for forming trench isolations 52 are well 
known in the art. • 

Bipolar device region 36 comprises an n-type 
buried layer region 42 having a doping concentra- 
tion on the order of 0.5 to 1.0x10^^ atoms/cm^, an 
30 n-type collector region 43 having .a doping con- 
centration of 0.5 to 1. 0x10'^ atoms/cm^, and an n- 
— ■■ — typo d ee p contact r e gion 4 9-h av i ng a do pant c on *- 
centration on the order of 0.5 to I. Ox 10'^ 
atoms'cm^. It is understood that other dopant 
ranges are applicable, depending upon the particu- 
lar device requirements. Opening 41 provides ac- 
cess to n-type collector region 43 for later forming 
base and emitter regions. Methods for forming 
opening 41 are well known in the art. 

N-MOS region 37 comprises a p-type buried 
layer 44 having a dopant concentration on the 
order of 0.1 to 1.0x10^^ atoms/cm^ and a p-type 
well region 46 having a dopant concentration on 
tho Older of 0.5 to 5.0x10'^ atoms/cm^. P-MOS 
Mjgion 38 comprises an n-type buried layer 47 
liaving a dopant concentration on the order of 0.5 
to 1.0x10'^ atoms/cm^ and an n-type well region 48 
having a dopant concentration on the order of 
5.0x10'^ to l.OxlO'5 atoms/cm^. It is understood 
that other dopant ranges are applicable, depending 
upon the particular device requirements. Methods 
for forming n-type buried layer 42. n-type collector 
region 43, n-type deep contact 49. p-type buried 
layer 44. p-type well 46, n-type buried layer 47, 
and n-type well region 48 are well known in the art. 

Substrate 34 further has patterned passivation 
layer 53 over N-MOS region 37 and P-MOS region 
38. Preferably passivation layer 53 comprises an 



semiconductor substrate 21. After operTings 26 and 
27 are formed, substrate 21 .is cleaned using the 
techniques described with block 2 of FIG.vl.. After . :)s 
substrate -21 is cleaned, it is placed .into a CVD - 
reactor that passes the helium leak test as- de- •• 
scribed with blocks 3-6 of FIG. 1. 

FIG. 4 shows substrate 21 after a blanket layer 
is grown on substrate 21 as described with block • 40 
10 of FIG. 1. The blanket layer has single-crystal 
semiconductor regions 28 formed in openings 26 
and 27 and polycrystalline regions 29 formed over 
exposed oxide layer 24. After the blanket layer is . 
formed on substrate 21, substrate 21 is exposed to 45 
the high temperature and hydrogen atmosphere, as 
described with block 12 of FIG. 1, to selectively 
remove polycrystalline regions 29 and exposed ox- 
ide layer 24 leaving single-crystal semiconductor 
material regions 28, non-oxide layer 23, and oxide so 
layer 22 on substrate 21 as shown in FIG. 5. The 
thickness of exposed oxide layer 24 is selected 
such that alt or only a portion of exposed oxide 
layer 24 is removed during the inner-bake step. 

FIGS. 6-13 illustrate highly enlarged cross-sec- 55 
tiona! views of a second example of a process 
according to the present invention. The second 
example uses the present invention during the fab- 
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oxide and is on the order of 200 to 1000 angstroms 
thick. Patterned passivation layer 53 protects N- 
MOS region 37 and P-MOS region 38 during sub- 
sequent processing to bipolar device region 36. In 
addition, patterned passivation layer 53 may act as 5 
a sacrificial gate oxide. Methods for forming pat- 
terned passivation layer 53 are well known in the 
art. 

FIG. 7 shows substrate 34 at a later step in 
fabrication. A blanket layer comprising polysilicon jo 
regions 56 and single-crystal silicon regions 54 and 
55 Is formed over the surface of substrate 34. The 
blanket layer is formed preferably using the pro- 
cess set forth with blocks 2-10 of FIG. 1. Prefer- 
ably, the blanket layer is not doped. If the blanket ts 
layer is doped, it is doped with boron at a dopant 
concentration of 1.0 to 5.0x10'^ atoms/cm^ when 
bipolar device region 36 comprises an NPN tran- 
sistor. Single-crystal silicon region 54 acts as a 
buffer layer between n-type collector region 43 and 20 
base region 64, shown in FIG. 10, to account for 
dopant movement during subsequent high tem- 
perature processes. When the blanket layer is, light- 
ly doped with boron, the concentration of n-type 
deep contact 49 must be high -enough to com- 25 
pensate for the p-type dopant in silicon region 55 
during subsequent high temperature processing. 
Optionally, n-type deep contact 49 is covered with 
an oxide during the blanket layer deposition and 
polysilicon regions 56 extend over the oxide above 30 
n-type deep contact 49.., 

FIG. 8 shows substrate 34 at a later step in 
fabrication. A series of passivation layers are 
formed over the blanket layer, the series of pas- 
sivation layers preferably comprises silicon oxide 35 
layer 57. silicon nitride layer 58 and silicon oxide 
layer 59. Silicon oxide layer 57 is on the order of 
100 to 200 angstroms thick, silicon nitride layer 58 
is on the order of 500 to 1500 angstroms thick, and 
silicon oxide layer 59 is on the order of 100 to ao 
3000 angstroms thick. Preferably, silicon oxide lay- 
er 57 is formed using low pressure chemical vapor 
deposition (LPCVD) and a tetraethylorthosilicate 
(TEOS) source, silicon nitride layer 58 is formed 
using either plasma enhanced CVD (PECVD) or 45 
LPCVD, and silicon oxide layer 59 is formed using 
LPCVD TEOS. 

As shown in FIG. 9, an opening 63 Is formed 
through a portion of silicon oxide layer .59, silicon 
nitride layer 58, and silicon oxide layer 57 to pro- so 
vicle~~access~tb"a poTtion of Bipoliar diey ice "region 
36. Methods for forming opening 63 through silicon 
oxide layer 59, silicon nitride layer 58. and silicon 
oxide layer 57 are well known in the art. 

As shown in FIG. 10, after opening 63 Is 55 
formed, a blanket layer comprising polysilicon re- 
gion 66 and single-crystal silicon region 64 is 
formed using the process set forth with blocks 2-10 



of FIG. 1. Preferably, the blanket layer is doped 
with boron having a dopant concentration on the 
order of 5.0x10'^ to 5.0x10'^ atoms/cm^ when bi- 
polar region 36 is designed for an NPN transistor. 
Single-crystal silicon region 64 forms a remaining 
portion of the base of bipolar device region 36. 
Optionally, the blanket layer comprising regions 66 
and 64 is doped with germanium to provide a 
heterojunction device. 

As shown in FIG. 11, after the blanket layer 
comprising polysilicon region 66 and single-crystal 
silicon region 64 is formed, substrate 34 is ex- 
posed to high temperature and a hydrogen at- 
mosphere as shown with block 12 of FIG. 1 to 
selectively remove portions of polysilicon layer 66 
and polysilicon layer 56. Also, the exposure of 
substrate 34 to the high temperature and hydrogen 
atmosphere removes oxide layer 59 but not silicon 
nitride layer 58. In addition.- exposure of substrate 
34 to the high temperature and hydrogen atmo- 
sphere together with oxide from silicon oxide layer 
57 and oxide layers 51 adjacent to single-crystal 
silicon regions 54 and 64 provide for the formation 
of openings 69 and 71 through polysilicon layers 
66 and 56. 

FIG. 12 shows substrate 34 at a later step in 
fabrication. Standard photolithography and etch 
processes are used to remove silicon nitride layer 
58, silicon oxide layer 57. portions of polysilicon 
region 56, and oxide layer 53. 

•FIG. 13 shows bipolar device region 36 having 
a completed bipolar device. Oxide layer 72 is 
formed over the entire surface of substrate 34. 
Oxide layer 72 preferably comprises silicon oxide 
formed using LPCVD TEOS. Oxide layer 72 is 
patterned to allow the formation of emitter region 
73. Methods for patterning oxide layer 72 and 
forming emitter region 73 are well known in the art. 
Oxide layer 72 is further patterned and contact 
layers 74, 76. and 77 are formed providing contact 
to n-type collector region 43, emitter region 73, and 
base regions 54 and 64 respectively. Preferably, 
contact layers 74, 76, and 77 comprise doped 
polysilicon. Methods for forming contact layers 74, 
76. and 77 are well known. in the art. Field effect 
transistor (FET) devices are then formed In N-MOS 
region 37 and P-MOS region In a conventional 
manner. Optionally, the FET devices are fabricated 
prior to the formation of contact layers 74, 76. and 
77. 

By now, if shoulcl"be appreciated that"there has~ 
been provided a method for selectively forming 
semiconductor regions. By exposing a patterned 
substrate having exposed regions of semiconductor 
material and exposed regions of oxide to a first 
temperature and a semiconductor source-gas and 
hydrogen in an atmosphere substantially absent 
halogens, a blanket semiconductor layer forms 
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over the exposed regions of semiconductor ma- 
teriat. The absence of halogens provides for the 
formation of the blanket semiconductor layer. Poly- 
crystalline semiconductor material forms over the 
exposed regions of oxide. By further exposing the 
patterned substrate to a second temperature higher 
than the first temperature in a hydrogen atmo- 
sphere, the polycrystalline semiconductor material 
formed over the exposed oxide regions and the 
exposed oxide regions are selectively removed 
leaving that portion of the blanket semiconductor 
layer over the exposed regions of semiconductor 
material. Because the method uses the formation 
of a blanket semiconductor layer, the method is not 
load dependent, it does not require a manufacturer 
to make process adjustments depending upon the 
type of exposed passivation layer present, and it is 
less susceptible to faceting defects. 

Claims 

1. A method for selectively forming semiconduc- 
tor regions comprising the steps of: 

placing a substrate (21,34) comprising a 
first region having an exposed semiconductor 
material (26,27,43.49) and a second region 
having an exposed oxide layer (24.51.53,59) 
into a CVD reactor (3); 

exposing the substrate (21,34) to a semi- 
conductor source-gas and hydrogen in an at- 
mosphere substantially absent halogens and 



exposing the substrate (21.34) to a third 
temperature that is higher than the first tem- 
perature and less than or equal to the second 
temperature in an atmosphere consisting es- 
5 sentially of hydrogen prior to the step of ex- 

posing the substrate (21,34) to the first tem- 
perature and the semiconductor source-gas 
and hydrogen. 

10 3. The method of claim 2 wherein the step of 
cleaning the substrate (21,34) comprises: 

exposing the substrate (21,34) to a bath 
comprising approximately 18:1 volumes of 
H2S04:H202 for 5 to 15 minutes: 
;5 exposing the substrate (21.34) to a bath 

comprising approximately 50:1 volumes of 
H20:HF for 1 to 5 minutes; 

exposing the substrate (21.34) to a bath 
comprising approximately 2.5:2.5:12 by volume 
20 of NH40H:H202:H20 for 8 to 12 minutes; and 

exposing the substrate (21,34) to a bath 
comprising approximately 2.5:2.5:12 volumes 
of HC1:H202:H20 for 8 to 12 minutes. 

25 4. The method of claim 2 wherein the step of 
exposing" the substrate (21 ,34) to a third tem- 
perature comprises exposing the substrate 
(21,34) to a temperature of approximately 

900 'C, arid wherein the step of exposing the 
.'JO substrate (21,34) to the semiconductor source- 

gas and hydrogen while at the first tempera- 



moisture while at a first temperature to form a* 
blanket semiconductor layer over' the exposed 
(26.27.43,49) semiconductor material - and the 
exposed oxide layer (24.51.53.69), wherein (he 
blanket semiconductor layer over the exposed 
oxide layer (24,51.53.59) comprises poly-' 
crystalline semiconductor material (29,56,66); 
and 

exposing the substrate (21 ,34) to a second 
temperature that is higher than the first tem- 
perature and hydrogen to selectively remove 
the polycrystalline semiconductor materia! 
(29,56,66) over the exposed oxide layer 
(24,51,53,59) while leaving a remaining portion 
(28,53.55,64) of the blanket semiconductor lay- 
er formed over the exposed semiconductor 
material (26,27.43,49). 

The method of claim 1 further comprising the 
steps of: 

cleaning the substrate (21.34) prior to plac- 
ing the substrate (21,34) into the CVD reactor 
(3); 

purging the CVD reactor (3) of the semi- 
conductor* source-gas before the step of ex- 
posing the substrate (21,34) to the second 
temperature; and 



' ture comprises exposing the substrate (21.34) 
- to a silane source-gas and hydrogen while at a 
temperature between 650 "C and 850 'C. and 
:)5 wherein the step of exposing the substrate 

(21.34) to a second temperature comprises 
exposing the substrate (21.34) to a tempera- 
ture between 900 • C and 1 200 • C. 

40 5. The method of claim 4 wherein the steps of 
exposing the substrate (21,34) to the tempera- 
ture of approximately 900 'C, exposing the 
substrate (21.34) to the silane source-gas and 
hydrogen while at the temperature between 

45 650 • C and 850 ' C. and exposing the substrate 

(21,34) to the temperature between 900 'C and 
1200"C take place without exposure of the 
substrate (21.34) to an ambient outside of the 
CVD reactor (3). 

50 

6. The method of claim 1 wherein the step of 
exposing the substrate (21,34) to the second 
temperature that is higher than the first tem- 
perature and hydrogen to selectively remove 
55 the polycrystalline semiconductor material 

(29.56.66) over the exposed oxide layer 
' (24.51.53.59) while leaving a remaining portion 
(28.53,55,64) of the blanket semiconductor lay- 
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er formed over the exposed semiconductor 
material (26,27,43,49) takes place In a rapid 
thermal anneal system that is separate from 
the CVD reactor (3). 

5 

A process for selectively forming silicon re- 
gions (28,53,55,64) comprising the steps of: 

placing a silicon substrate (21,34) having a 
first region (26,27.43,49) comprised of exposed 
silicon and a second region comprised of an w 
exposed oxide layer (24,51,53,59) Into a CVD 
reactor (3), wherein the CVD reactor (3) has a 
helium leak rate less than approximately 
1x10"^ millimeters of mercury; 

ramping the CVD reactor (3) to a first is 
temperature; 

exposing the substrate (21,34) to a first 
atmosphere consisting essentially of hydrogen; 

ramping the CVD reactor (3) to a second 
temperature lower than the first temperature; 20 

exposing the substrate (21 .34) to a second 
atmosphere comprising a silane source-gas 
and hydrogen substantially absent halogens 
and moisture while at the second temperature 
to form a blanket silicon layer over the ex- 25 
posed silicon (26,27,43.49) and the exposed 
oxide layer (24,51.53.59), wherein the blanket 
silicon layer over the exposed oxide layer 
(24.51.53,59) comprises polysilicon (29.56.66); 

ramping the CVD reactor (3) to a third 30 
temperature higher than the second tempera- 
ture and greater than or equal to the first 
temperature: and 

exposing the substrate (21.34) to a third 
atmosphere consisting essentially of hydrogen :)S 
while at the third temperature to selectively 
remove the polysilicon (29,56.66) over the ex- 
posed oxide layer (24,51.53.59) and a portion 
of the exposed oxide layer (24,51.53,59) while 
leaving a remaining portion (28,53,55,64) of the 40 
blanket silicon layer formed over the exposed 
silicon. 

The process of claim 7 further comprising the 
steps of: 45 
exposing the substrate (21,34) to a bath 

comprising approximately 18:1 volumes of 
H2S04:H2 02 at approximately 100 to 120'C 
for 5 to 15 minutes; 

exposing the silicon substrate (21,34) to a so 
bath comprising approximately 50:1 volumes ' ~ 
of HzOiHF at approximately 15 to 30* C for 1 to 
5 minutes; 

exposing the silicon substrate (21,34) to a 
bath comprising approximately 2.5:2.5:12 by 55 
volume of NH40H:H202:H20 at approximately 
45 to 65 • C for 8 to 12 minutes; and 

exposing the silicon substrate (21.34) to a 



bath comprising approximately 2.5:2.5:12 vol- 
umes of HCI:H2 02:H2 0 at approximately 40 to 
60 'C for 8 to 12 minutes prior to the step of 
placing the silicon substrate (21,34) into the 
CVD reactor (3). 

9. A method for selectively forming isolated sin- 
gle-crystal semiconductor regions (28) com- 
prising the steps of: 

providing a silicon substrate (21); 

forming a non-oxide layer (23) over a sur- 
face of the silicon substrate (21); 

forming an oxide layer (24) over the non- 
oxide layer (24): 

patterning the oxide layer (24) to expose 
the non-oxide layer (23); 

patterning the non-oxide layer (23) to form 
at least one exposed silicon region (26,27) of 
the silicon substrate (21); 

placing the silicon substrate (21) into a 
CVD reactor chamber (3); 

exposing the silicon substrate (21) to a first 
temperature and hydrogen; 

exposing the silicon substrate (21) to a 
second temperature lower than the first tem- 
perature and an ambient comprising a silane 
source-gas and hydrogen substantially absent 
halogens and moisture to form a blanket sili- 
con layer over the at least one exposed silicon 
region (26.27) and the oxide layer (24). 
wherein the blanket silicon layer over the at 
least one exposed silicon region (26.27) com- 
prises single-crystal silicon (28) and the blan- 
ket silicon layer over the oxide layer (24) com- 
prises polysilicon (29); and 

exposing the substrate (21) to a third tem- 
perature higher than the second temperature 
and greater than or equal to the first tempera- 
ture and hydrogen for a time sufficient to se- 
lectively remove the polysilicon (29) over the 
oxide layer (24) and the oxide layer (24) while 
leaving the single-crystal silicon (28) and the 
non-oxide layer (23) under the oxide layer. 

10. The process of claim 9 wherein the step of 
exposing the silicon substrate (21) to the sec- 
ond temperature lower than the first tempera- 
ture and an ambient comprising the silane 
source-gas and hydrogen substantially absent 
halogeri^s and moisture comprises exposing the 
silicon substrate (21) to the silane source-gas, 
a germanium source-gas, and hydrogen sub- 
stantially absent halogens and moisture to 
form a blanket semiconductor layer over the at 
least one exposed silicon region (26,27) and 
the oxide layer (24), wherein the blanket semi- 
conductor layer over the at least one exposed 
silicon region (26.27) comprises germanium 
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doped single-crystal silicon (28) and the blan- 
ket semiconductor layer over the oxide layer 
comprises germanium doped polysilicon (29). 
and wherein germanium is present in the CVD 
reactor chamber (3) at a concentration suffi- 
cient to prevent selectivity of the germanium 
doped polysilicon (29) as the blanket semicon- 
ductor layer is formed. 
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